INTRODUCTION
Over a number of years various biotic indices have been devised by different researchers (Kolkowitz & Marsson 1909; Patrick 1950; Beck 1955; Panlte & Buck 1955; Woodiwiss 1960 Woodiwiss , 1980 Beak 1965; Graham 1965; Chandler 1970; Chutter 1972; Hilsenhoff 1977; Madoni 1994) in an attempt to classify aquatic biological conditions, and biotic indices up to 1990 were reviewed by Washington (1984) and Samiullah (1990) . Although these might have been suitable for the area for which they were devised, their application to other areas has sometimes been restricted by the presence of water conditions not found in the original area and therefore not considered in the formulation of that particular biological index.
As discussed by Washington (1984) and Samiullah (1990) , each biotic index has weaknesses that limit its application in a wider area. In general, all the biotic indices have common weaknesses. Each system is more or less a subjective one, mainly depending on the feeling and empiricism of investigators. For example, the indicator organism technique of Beck's (1955) biotic index was considered very subjective by Myslinski & Ginsburg (1977) . In Beak's (1965) index, the sensitivity of animals to pollution is a matter of the opinion and the experience of the investigators and the assessment of density is also subjective (Chutter 1972) . In the saprobien system (Sladecek 1973) , the disregard for species <10% and the distribution of saprobic valency of each species in different saprobic zones are decided only by the experience of the investigators. In the Trent biotic index (Woodiwiss 1960) , the division of the total number of groups present and the method of Chutter's ( 1972) index are also subjective or empirical, etc. Even the Chandler's score system, the best system considered by some authors (Balloch 1976; Hellawell 1978; Washington 1984) , is also subjective in the selection of indicator organisms, the determination of the positions of species, and the assessment of levels of abundance. Subjectivity makes these biotic indices dubious and debatable. We find that all these indices are not directly based on physical and chemical characteristics, although some indices had a significant correlation with chemical parameters such as biochemical oxygen demand (BOD) in application (Chutter 1972; Sladecek & Tucek 1975; Hilsenhoff 1977) . This may explain why the evaluation results with these indices often do not coincide with the actual situation. For this reason several papers presented objective methods for assigning pollution sensitivity values (Lawrence & Harris 1979; Walley & Hawkes 1996; Chessman 1997 ).
We present a method of comparing biotic data with a range of chemical parameters in which these problems may be minimised, if not eliminated entirely.
METHODS
The biological and chemical background for the present paper was published elsewhere (Shen et al. 1995) . However, it is pertinent to give a brief review of their studies.
The research was conducted in two stages on the River Hanjiang, the longest branch of the River Changjiang, People's Republic of China. The first stage was to carry out a general investigation of the physico-chemical and biological status along the river. The sampling stations along the lengths of the river and main tributaries were of sufficient number and appropriately distributed to give a clear profile of the prevailing physico-chemical conditions, including the effects of known discharges. The selected sampling stations were essentially the same as those sampled routinely by respective local monitoring stations. It was decided to use and incorporate data collected by these local stations. Eight common chemical parameters available from each station were selected and retabulated in Table  1 . The second stage was to research two relative serious pollution belts from two sewage discharge outlets to thoroughly understand how pollutants were gradually degraded and removed by self-purification of the water body and the relationship between this and the changing biotic quality. The same eight chemical parameters were selected and shown in Table 2 .
The field sampling of protozoan communities was conducted by the PFU (Polyurethane Foam Unit) method (Cairns et al. 1969) . In the first stage, 358 species of protozoa were classified from the samples collected at 42 stations. In the second stage, 332 species of protozoa were classified. The two tables of protozoan distribution (see Shen et al. 1995, tables 6-17 and 7-11) are not relisted here, but form the basis of the present biotic index.
To make the biotic index based directly on chemical parameters, a simple standard of chemical characteristics of the water environment is needed because of the widely varying value of each chemical parameter for each sampling station. The comprehensive chemical pollution index described here is such a summative standard.
A comprehensive chemical pollution index based on chemical data from a reference station is not considered here because water quality from each reference station is different and hence makes the index incomparable. Therefore we selected a comprehensive chemical pollution index (Pb) based on the Grade II standard for surface water (Environmental Quality standard of People's Republic of China for surface water, GB3838-88, see Table 1 ). The Grade II standard of surface water is mainly for water suitable for drinking. Pb is calculated by the following formulae:
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where: Pb is the comprehensive chemical pollution index based on the Grade II standard for surface water; Pi is the chemical pollution index for a single chemical parameter based on the Grade II standard for surface water; Cd is the concentration of the tested chemical parameter at the sampling station; Co is the upper limit of the concentration of the chemical parameter in the Grade II standard for surface water; n is the number of contributing parameters (here n = 8).
According to the formulae above, each station's Pb is calculated (in the case of dissolved oxygen (DO), Pi was calculated as Co/Cd because oxygen decreases in response to pollution) and is shown in Tables 1 and 2. The species pollution value (SPV) of each protozoan is calculated by: DO, dissolved oxygen; U, M, L, upper, middle, and lower reach respectively; 1, 2, 3, etc, main courses; and a, b, c, etc, tributaries.) where: SPV is the species pollution value; Pb is the comprehensive pollution value; n is the number of chemical parameters; and N is the number of stations. The Community Pollution Value (CPV), or the biotic index, used to evaluate the pollution degree of each station, is calculated by:
where: CPV is the community pollution value; and n is the number of species in a community.
According to formulae above, the SPV 1 of the first stage and the SPV 2 of the second stage are calculated and listed in Appendix 1. CPV y calculated from the SPV1 for the first stage, and CPV1, calculated from the SPV 2 for the second stage, are listed in Table 1 and Table 2 respectively.
The correlation coefficients between CPV and Pb of the two stages are calculated as follows: First stage: CPV1 = 1.50510 + 0.199676lnPb, r= 0.91, N = 42 Second stage: CPV1 = 2.80642 + 0.267443lnPb, r=0.99, n= 12 Both the coefficients are significant at P<0.00001.
To cross-check the applicability of this method across the whole river, the CPV 2 (Table 2) Since the SPV of the species that were identified in both stages are identical, an adjustment of the SPVs of these species is needed to combine the results of the first and the second stages. The method of adjustment was to combine tables 6-17 and 7-11 from Shen's original paper (Shen et al. 1995) into one, and all the species of the two stages are listed. According to the method introduced above (Equation 3), the final SPV of each species is obtained and shown in Appendix 1. Calculated from the SPV, the CPV of all stations of the two stages are listed in Tables 1 and 2 . The correlation formula between the Pb and the CPV of all the sampling stations is as follows:
The coefficient between CPV and lnPb is significant atP<0.00001.
Evaluation standard of water quality
There is no doubt that the higher the CPV, the higher the degree of water pollution. Shen et al. (1995) have given an evaluation of the degree of water pollution for each sampling station by the analysis of biological and physico-chemical characteristics. 
DISCUSSION
The biotic index developed here is based on the identification of species collected by PFUs. First, it is suggested that it is appropriate to select the PFU method to collect protozoa and second, the methods of calculating the SPV listed in Appendix 1 and the subsequent calculation of the CPV for polluted sites is valid. Since the pollution of the River Hanjiang is mainly organic, the SPV and CPV are generally suitable for evaluating organic pollution. The species number observed in both stages was 201, which was 56% of the total species number of the first stage and 60% of the total species number of the second stage. This shows that if no less than 56% of the species in a sample has SPV listed in Appendix 1, the CPV will be applicable.
The biotic index (CPV) is based on all protozoa occurring in the community as all species identified in a sample contribute to the assessment. This avoids the weakness of using only indicator organisms to evaluate the quality of water. A number of different communities could be formed by the animals listed in Appendix 1. The index has no fixed levels but expresses the biological quality of the sampling stations as a CPV that depends on the animals present, which makes the index a continuous gradation from clean to polluted water. It is not impossible that completely different communities may have the same CPV.
The biotic index present here takes no account of the abundance of the animals because the index is calculated by presence only. The CPV is the average of the SPVs for all the species identified and therefore the presence of single individuals cannot greatly alter a station's index. In addition, we often see that certain taxa frequently occur in very large numbers in samples and so would dominate numerical assessment such that the absolute abundance would obviously be of little use. Relative abundance is, on the one hand, subjective and, on the other hand, unnecessary because the CPV is given by dividing the total SPV obtained for a station by the number of species. Several authors (Balloch 1976; Murphy 1978) have reported that the non-pollutional stresses, such as the increasing water velocity, may make some indices correlate poorly with water quality because the number of species decreases with the increasing non-pollutional stress. For this reason, Balloch et al. (1976) and Murphy (1978) recommended the modification of the Chandler's biotic score. Balloch et al. stated that the significance of this modification "lay in the fact that upper unpolluted stations will even out, which would give values commensurate with water quality". The CPV developed here is also the average value of SPVs for each station, and in the stations with rapid current, the CPV does not tend to overestimate the pollution degree in application because the correlation coefficients between CPV 2 and current velocity (Table  1) are not significant at P<0.05.
Many authors tend to use bottom dwelling macroinvertebrates as indicator organisms because of their easy identification and numeration, and depend on them to develop biotic indices. As an indicator of water quality however, bottom macroinvertebrates have some obvious disadvantages. First, the conditions of bottom substrates in different rivers or different areas of the same river are greatly different, such as stones-in-current, stones-out-ofcurrent, and different types of sediment, etc. Each of these biotopes has, in a natural watercourse, a characteristic fauna and may therefore be treated as a separate entity (Chutter 1972) . This is why Chutter claimed repeatedly that his index applies only to collections of animals from the stones-in-current biotope. This situation makes the application of these indices difficult because it is difficult to find an area in which the bottom substrate is the same as the areas from which the indices originated. Also, it is difficult to suppose that we will develop different biotic indices in the same river to monitor the water quality of different sectors. Second, bottom macroinvertebrates show a very different distribution in different geographic zones, e.g., the system of Woodiwiss (1980) is not easily applicable to South African streams and rivers because no less than three of the key groups determined by Woodiwiss are absent or are of a very restricted occurrence (Chutter 1972) . This limits the application of these indices dependent on bottom macro vertebrates as well. With the use of PFU, substrate is not a problem because of the sample collection method. The PFU method gives a uniform substrate for protozoan colonies. However, Thorne et al. (1997) have used artifical substrate samplers for macroinvertebrates that overcome the river substrate problem and have demonstrated that an easy-to-use biotic index can be developed for Thailand, Ghana, and Brazil using a multimetric method based on unpolluted reference sites. Their method overcomes some of the criticism on the limited geographic range of indicator species. However, unpolluted reference sites may be difficult to find for lowland rivers.
Protozoa served as indicators as early as the beginning of water quality studies 100 years ago (see Sladecek 1973) ; Kolkwitz & Marsson (1908) applied them mainly for characterising polluted waters and nearly all successors of the saprobic system followed them. More than 400 species of protozoan were listed and each was given its valency, indicative weight, and saprobic index by Sladecek (1973) . Protozoa, especially ciliates, were widely used in Europe to evaluate water quality (Stossil 1978; Bock & Scheubel 1979; Madoni & Ghetti 1981; Wiackowski 1981; Grabacka 1985; Albrecht 1986; Foinsser 1988; Madoni 1993) . The two disadvantages of benthic macroinvertebrates are overcome by the use of protozoa. Protozoa are distributed worldwide in comparison, e.g., most of the ciliated protozoa (Italy) listed by Madoni et al. (1981 Madoni et al. ( , 1993 can be found in Appendix 1 (China). Protozoa are movable and react rapidly to the changing water environment. Abrupt changes can rapidly cause protozoan community structure to change. Consequently, protozoa are a better indicator of water quality at the time of sampling, and especially indicate the abrupt change and continuing changes over a short period of time. In comparison, macroinvertebrates are better at reflecting the incidence of occasional or intermittent pollution events that chemical sampling may miss and from which protozoa rapidly recover. Thorne et al. (1997) sent a questionnaire to all GEMS (Global Environmental Monitoring System) water quality monitoring stations and found that expertise on protozoa was very limited and hence recommended macroinvertebrates. This is indeed a disadvantage of protozoa, but we think that protozoa are also recommendable as discussed.
Although the precise calculation of the biotic index presented here can be debated because of the decision to base the comprehensive chemical index on the standard of Grade II for surface water, it is our belief that it provides a comparatively more objective pollution index than those previously described and that the use of the CPV is simple and economical. Four hundred and eighty-six species of protozoa and their SPVs are listed in this report. As data for more protozoan species accumulates and their SPVs are calculated, they can be used to supplement Appendix 1. Other biogroups such as Rotifera, Cladocera, and Copepoda could be given SPV values using similar methodology if their distribution in relation to the chemical quality index is available now or in the future. It is hoped that the SPV and CPV developed in this paper will be applicable elsewhere, or at least the method of handing biotic data according to chemical parameters will be useful worldwide. (Appendix 1 overleaf) 
